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I.  SUMMARY 


The  objectives  of  the  contract  are  to  develop  new  diagnostic  procedures  and 
new  vaccine  strategies  pertinent  to  selected  Phlebotomus  fever  (PHL)  group 
viruses,  viruses  that  constitute  the  Phlebovirus  genus  of  the  negative-sense  RNA 
virus  family  Bunyaviridae  [Bishop  et  al.,  1980).  This  genus  of  viruses  includes 
members  that  are  known  animal  [including  human]  pathogens  and  that  are 
therefore  of  consequence  to  military  and  civilian  personnel  in  particular  regions 
of  the  world  [Bishop  &  Shope,  1979], 

The  development  of  new  diagnostic  tools  for  the  specific  identification  of 
PHL  group  viruses  is  being  investigated  using  eukaryotic  expression  vectors  and 
cDNA  clones  of  particular  phlebovirus  genes  that  are  available  to  us.  Two 
expression  systems  are  under  study,  vaccinia  and  the  insect  specific  baculovirus 
expression  vectors.  So  far,  it  has  proven  difficult  to  express  the  complete  M  R\'A 
gene  products  of  Punta  Toro  (PT)  phlebovirus  using  either  vector.  Recombinant 
vaccinia  viruses  have,  however,  been  made  that  express  part  of  the  PT  M  RNA, 
producing  the  PT  glycoproteins  Gl  and  G2.  The  expressed  products  have  been 
characterized.  These  studies  were  undertaken  in  conjunction  with  staff  of 
Professor  R.W.Compans  of  the  University  of  Alabama  in  Birmingham.  The 
expression  of  PT  S  RNA  gene  products  supported  by  this  contract  and  its 
immediate  predecessor  [DAMD-17-G-4035,  see  Overton  el  al.,  1987]  using 
Autographa  californica  nuclear  polyhedrosis  virus  [AcNPV]  baculovirus  vectors 
is  also  reported. 

The  objective  of  developing  new  vaccine  strategies  for  PHL  group  viruses  is 
being  realized  through  the  characterization  of  an  attenuated,  candidate  vaccine 
derivative  of  Rift  valley  fever  [RVF]  phlebovirus  [the  M12  mutant  of  RVFV 
isolate  ZZ548].  This  candidate  vaccine  was  previously  developed  by  staff  of  the 
Principal  Investigator  working  at  USAMRI1D  [Caplen  et  al.,  1984].  In  this 
reporting  period  the  complete  sequence  of  the  viral  M  RNA  of  the  M12  RVFV 
derivative  has  been  obtained. 

II.  RKPORT 

A.  Introduction 

Our  analyses  have  been  directed  towards  developing  new  strategies  for 
phlebovirus  vaccine  development.  Initial  studies,  supported  by  prior  U.S.  Army 
Medical  Research  and  Development  contracts,  were  aimed  at  characterising  the 
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genome  and  structural  components  of  phleboviruses.  With  the  demonstration  of  a 
tripartite  RNA  genome  for  phleboviruses,  genetic  analyses  were  then  undertaken 
to  delineate  the  coding  strategies  of  the  viral  RNA  species  and  to  determine  if 
recombinant  viruses  could  be  obtained  and  used  for  vaccine  purposes.  By 
analyses  of  intertypic  reassortant  PI'  viruses  we  initially  showed  that  the  viral 
7xl()5  dalton  small  [SI  RNA  species  codes  for  the  viral  26.9xl03  dalton 
nucleocapsid  [N  |  protein.  The  results  of  cloning  and  sequencing  the  S  RNA  of  PT 
phlebovirus  [Ihara  et  a/.,  1984]  confirmed  these  data  and  showed  that  an  open 
reading  frame  in  the  viral-complementary  S  RNA  sequence  coded  for  N  [S 
mRNAJ.  A  second  open  reading  frame  in  the  viral -sense  strand  coding  for  a 
29.1xl03  dalton  non-structural  protein,  NSs  [Ihara  et  al .,  19841  was  also 
identified.  The  two  subgenomic  PT  S  induced  mRNA  species  [one  viral- 
complementary,  the  other  viral-sense]  were  characterized  with  regard  to  their  3' 
and  5'  end  sequences  and  rates  of  synthesis  in  infected  cells  [Ihara  et  al.,  1985a; 
Emery  &  Bishop,  1 987 ] . 

The  results  of  cloning  and  sequencing  the  2x1 0,;  dalton  middle  [Ml  size  RNA 
of  PI’  virus  [Ihara  et  al.,  1985b]  demonstrated  that  the  PI’  M  RNA  codes  for  the 
50-70x1 03  dalton  viral  glycoproteins,  G1  and  G2.  A  30x1 03  dalton  non-structural 
protein,  NSM,  that  constitutes  the  amino  terminal  end  of  the  PI’  glycoprotein 
precursor  was  also  identified.  The  data  showed  that  the  order  of  the  Pr  M  gene 
products  was  NSM-G1-G2.  The  PI’  M  viral-complementary  mRNA  species  were 
characterized  [Ihara  el  al.,  1985a].  The  results  obtained  for  the  PT  M  RNA 
correlated  with  the  data  reported  by  Collett  and  associates  [1985]  for  RVFV  M 
RNA  and  its  gene  products  [RVFV  M  gene  order:  NSM-G2-G1],  Although  not 
proven,  it  is  assumed  that  the  phlebovirus  3x1 0(i  dalton  large  [L]  RNA  species 
codes  for  the  200xl03  dalton  large  protein  |a  putative  transcriptase  component] 
found  in  viruses. 

The  genetic  studies,  including  interference  assays,  reported  from  the  work 
conducted  in  the  previous  contract,  indicated  that  although  intertypic  reassortant 
viruses  could  be  obtained,  heterotypic  virus  interactions  were  not  demonstrable 
(i.e.,  heterotypic  phleboviruses  did  not  interfere  with  each  other  and  did  not 
reassort  their  genomes  in  dual  virus  infections).  Although  not  all  phleboviruses 
were  tested  for  genetic  interactions,  the  results  did  not  hold  out  much  hope  for 
this  approach  for  vaccine  development.  Consequently,  an  alternative  approach, 
that  of  developing  candidate,  including  subunit,  vaccines  has  been  proposed  for 
this  contract.  These  objectives,  together  with  research  directed  towards  the 
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development  of  new  and  specific  diagnostic  reagents  form  the  principal  objectives 
of  this  contract. 


B.  Results  from  this  Reporting  Period. 

77a'  sequence  of  the  M  RNA  of  the  M12  candidate  uaccine  of  RVFV 

Based  on  analyses  of  cDNA  clones,  the  sequence  of  the  M  RNA  of  the  7.7.51)1 
strain  of  RVFV  has  been  reported  by  Collett  and  associates  (1985).  In  order  to 
characterize  the  candidate  RVFV'  vaccine  that  was  produced  from  the  related 
ZZ548  RVFV  [Caplen  et  al.,  1984!,  we  have  sequenced  the  M  RNA  of  the  M12 
derivative.  The  sequence  was  obtained  by  analyses  of  A  cDNA  clones.  The  data 
are  shown  in  Fig.  1  [manuscript  in  preparation].  Based  on  the  cDNA  sequence- 
analyses  the  RVFV  M12  M  RNA  is  deduced  to  be  3885  nucleotides  long  (mol.  wt. 

1 .38x1 1)1’,  base  composition:  27.3%>  A,  27.2%  U,  25.4%  G,  20.1%  C)  and  has  3’-  and 
5’-terminal  sequences  that  are  complementary  for  some  9  residues.  'File  viral 
RNA  codes  in  its  viral-complementary  sequence  for  a  single  long  gene  product 
I  the  viral  glycoprotein  precursor]  that  is  comprised  of  1197  amino  acids  <130,000 
daltons).  The  gene  product  is  abundant  in  cysteine  residues  but  has  few  potential 
asparagine-linked  glycosylatiun  sites.  It  is  initiated  by  a  methionine  codon  at 
nucleotide  residues  21-23.  These  data  are  similar  to  those  reported  for  RVFV 
Z7.501  M  RNA  [as  ammended  by  recent  studies  at  USAMRIII),  J.  Dalrymple, 
personal  communication].  However,  unlike  the  ZZ501  sequence,  there  is  a  second 
A1JG  codon  (residues  9-11]  in  the  viral-complementary  sequence  upstream  of  the 
Ml 2  M  gene  product  (Fig.  1],  It  is  followed  by  valine  and  histidine  codons  then  a 
translation  terminator  [TAA,  residues  18-20].  Even  discounting  this  region  the  5' 
non-coding  region  of  the  RVFV  M  viral-complementary  RNA  is  short  (20 
nucleotides);  the  3'-noncoding  sequence  is  much  longer  (271  nucleotides).  No 
other  large  open  reading  frame  has  been  identified  in  either  the  viral,  or  viral¬ 
complementary  RVFV  M  RNA  sequences. 

Limited  amino-terminal  sequence  analyses  of  the  7.7.501  RVFV 
glycoproteins  indicated  the  gene  order  and  potential  cleavage  sites  in  the 
glycoprotein  precursor.  The  data  suggested  the  existence  of  a  23x1 03  dalton 
polypeptide  (designated  NSm)  in  the  glycoprotein  precursor  that  precedes  the 
RVFV  G2andGl  proteins  (i.e.,  gene  product  order:  NS.\i-G2-Gl).  Examination  of 
the  sequence  of  the  M12  gene  product  indicates  that  the  7.Z548  M12  and  ZZ501 
sequences  are  closely  related  and  that  the  amino  terminal  sequences  of  the  viral 


Fig.  1.  Sequence  of  the  McDNA  of  RVFVM12 


MVH*fiYVLtT  IL  fSVLVCE  A  I  I  HVSLSST  REE  TCP  GDS 
ACAGAAAGATGGTGCAT T AAA TGT A TGT T  TTAT  TAACAAT TCTAACCTi;GGTrCTGGIGIGTGAAGCGATTATTAGAGlGTCTCTAAGCTCCACAAGAGAAGAGACCTGCT I TGGTGACT 
10  20  30  40  50  fcO  70  BO  *90  100  110  120 


TNPgrtlEGAWDSLREEEnPEELSCSI  SGI  RE.VKTSSQELY 
CCACTAACCCAGAGATGAT  TGAAGGAGCTTGGGArTCACTCAGAGAGGAGGAGAT&CCGGAGGAGC  TCI CCrGrTCTAIA TCAGGCAT AAGAGAGGT  TAAGaCCFCAAGCCAGGAG TTAT 
130  140  150  160  170  180  190  200  210  220  230  240 


RALKA1  IAA06LNNITCHGKDPE0K1SL  IKGPPHKKRVG1 
ACAGGGCATTAAAAGCCATCATTGCTGCTGATGGCTTGAACAACATCACCTGCCATGGT  AAGGATCCTGAGGACAAGAT  T  TCCCTGATAAAGGGTCCTCCTCACAAAAAGCGGGTGGGGA 
250  260  270  280  290  300  310  320  330  340  350  360 


VRCeRRRDAKOIGRKtnAGIAMTVLPALAVFALAPVVFAE 
TAGTTCSGTGTGAGAGACGAAGAGATGCTAAGCAAATAGGGAGAAAAACCATGGCAGGGATTGCAATGACAGTCCT  TCCAGCCr  TAGCAGT  r  7  r  too  r  r  T  GGCACC  T  G  I  TuT  T  T  T  TGC  T G 
370  380  390  400  410  420  430  440  450  460  470  «80 


DPHL  RNR  PGKGHNY  I  DGHTOE  DATC  K  PV  T  V  AGACSSF'  OVL 
AAGACCCCCATCTCAGAAACAGACCAGGGAaGGGGCACAACT  AC  AT  T  GACGGGATGACT  CAGGAGGAT  GCCACATGGAAACC  T  G  TGACAT  AT  GCTGGGGCAT  G  T  AGCAG  r  T  T  TGATuTCT 
490  500  510  520  530  540  550  560  570  SCO  59o  600 


LEKGKF  PLFOSVAHHRTLLEAVHDT  1  1  AKADPPSCDLL  SA 

TGCT  TGAAAAGGGAAAAT T TCCCCT  T  TTCCAGTCGTATGCTCAT CATAGAAC  TCTAO TAGAGGCAG  T  T CACGACACCAT CA T  f  GCAAAGGC  T GA  TCCACC  T AGC  TGT GAcc  TTCTGAG’ci 

610  620  630  640  650  660  670  680  690  700  710  7?0 


HGNPCflKEKLvnKTHCPNDYCSAHHl.NNDGKr'ASVKCPPK 
CTCATGGGAACCCCTGCATGAAAGAGAAACTCGT&ATGAAGACACACTGTCCAAAIGACTACCAGTCAGCTCATCACCTCAACAATGACGGGAAAATGGCnCAGTCAAGT  GCCC  TC'CTA 

730  740  750  760  770  780  790  800  010  820  830  840 


YGLTEOCNFCROflTGASLKKGSYPLODLFCOSiiEDDGSKL 
agtatgggctcactgaagactgcaacttttgtaggcagatgacaggtgctagcctgaagaaggggtcttaicctctccaagacttgttt igtcagtcaagtgaggatgatggatcaaaat 
650  860  870  880  890  900  910  920  9:0  940  950  VfcO 


kTKHKGVCEVGVOALKKCDGQL  STAHE  VVPF  AVF  KNSKKV 
TAAAAF  CAAAAATGAAAGGGGTCTGCGAAGTGGGGGTTCAAGCACTCAAAAAGTGTGATGGCCAACTCAGCACTGCACATGAGGT  tgtgccctt  tgcogtgtt  taagaactcaaagaagg 
970  980  990  1000  1010  1020  1030  1040  1050  1060  10?0  1060 


vLDKLDLKTEENLIPDSFVCFEHKGOYKGTMDSGOTkrEL 
TT I ATCT  TGATAAGCTTGACCTTAAGACTGAGGAGAATCTGCTACCAGACrCATTTGTCTGTT  TCGAGCATAAGGGACAGTACAAAGGAACAATGGACTCTGGTcAGACTAAGAGGGAGC 

1090  1100  1110  1120  1130  1140  1150  1160  11/0  1180  1190  1200 


KSFDISOCPKIGGMGSKKCTCDAAFCSAYECTAQYANAYC 

xca aaagct  t  tgat  at  c  tc  tcagt  gccccaagat  t  ggaggacatggt  agt  aagaagtgcactggggacgcagcat  t  T  TGC  TC  TGC  T lATGAGTGCACIGCTCAGTACGCCArtTGCCTAT t 

1210  1220  1230  1240  1250  1260  1270  1280  1290  1300  1310  1320 


SHPNGSGXVCIUVSCVMRRPLCVCYERVVVRRtLS  ORPIO 

GTTCACATGC'AATGGGTCAGGGAT  TGTGCAGATACAAGTATCAGGgSTCTGGAAGAAGCCTTTaTGTGTAGGGT'  '''.nGAGTGGT  TGT  GAAGAGAGAAC  1  C  T  C  TGCC  AAGCCC  ATCC 

1330  1340  1350  1360  1370  1380  1390  1400  1410  1420  143''  1440 


HVEPCTTCITKCEPHGLVVRSTGFKISSAVACASGVCVTG 
AGAGAGT IGAGCCT  TGCACAACTTGTATAACCAAATGTGAGCCTCATGGATTGGI TGTCCGATCAACAGGGTTCAAGATATCATCAGCAGTTGCU  GtGCTAGCGGAGT  TTGCGTCACAG 

1450  1460  1470  1480  1490  1500  1510  1520  1530  1540  1550  1560 


SOSPSTE  I  TLKYPGISOSSGGD1GVHMAHODOSVSSK1VA 

GATCGCAGAG  TCCT  TCCACCGAGA  T  T  AC  AC  TC  AAG  TAT  CCAGGGAT  A  TCCCAG  t  C  T  TCTli.'iGGGGGACAT  AGGGGT  TCACATgGCACACGA  T  GAT  C  AG  f  CAG  t  T  AGC  T  CCAOAA  T  AG  T  AG 

1570  15B0  1590  1600  1610  1620  1630  1640  1650  1660  1670  1680 
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Fig.  1  (Contd) 


PPOI>'’CLVM0CIVC«HGLl(4Yt!CHIftLSAFVVVFVF3S 
C  I CACTGCCCTCCCCAGGACCCGTGC  T  TAG7GCATGAC  T  GCA  T  AG  TGTG  f  GCTCATGGCC  T  GA  f  AAA  T  '  ACC  AG  TGTCACACTGCTC  I CAGT  GCC  TTTGTTGT  TGTGT  TTGTAT  TCAGT  T 
1690  1 /GO  1/10  1/20  1/30  1740  1750  1  7t>0  1770  1780  1790  1800 


1AIXCLAILYRVLKCLKIAARKVLNPLMWITAFIRWIYKK 
Ct  ATTGCAATflATTTGTrTAGCTATTCTTTArAGGGrGCrrAAGrGCCrGAAGArrGCCCCAAGGAAAGrrcrGAArCCACrAArGrGGArCACAGCCT  TCATCAGATGGATATATAAGA 
1610  1820  1830  1840  1850  letO  1B70  1880  1890  1900  1910  1920 


MVARVADNXNOVNRE  IGWHEGGQLVL  GNPAP  IPRHAP  1  PR 
AGATGGT  TGCCAGAGTGGCAGACAACATTAATCAAGTGAACAGGGAAAT  AGGATGGAT  GGAAGGAG&TCOG  T r GG  M CTAGGGAACCC TGCCCC T A T T CC TCG TCATGCCCCAAT CCCAC 
1930  1940  1950  19e>0  1970  I960  1990  2000  2010  2020  2030  2040 


YSIYLhLLL  1VSYASACSEL  1  BASSR  I  T  TCSTEGVNTKCR 
GT  TATAGCACATACCTGATGT  TAT  TAT  TGA r  TGTC TCAT AT GCA TCAGCATGT TCAGAAC  TGA T TCAGGCAAGC TCCAGAATCACCAC T  TGC rc  T AC AGAGGG T GTT AACACCAisG T G T A 
2050  2060  2070  2080  2090  2100  2110  2120  2130  2140  2150  2160 


LSGTALlRAGSVGAEACLnLKGVKEDOTKFLKLKTVSSEL 

GACTGTC  TGGCACAGCAT TGATCAGAGCAGGGTCAG T  T  GGGGCAGAGGCT  TGT  T TGATQT  l GAAGC.GGu  r CAAGGAAGA  T  CAAACCoAGT TCT  TAAAG T T AAAAACTG ICTCAAG  TGAGC 
2170  2180  2190  2200  2210  2220  2230  2240  2250  72e,0  22/0  2280 


SCREGQSYUT  GSF  5  P  K  C  L  SSRRCNLVGE  CHVNRCL  SKRDN 
TATCATGCAGGGAGGGCCAGAGTYA1  TGGACTGGGTCCT  T  TAGCCCYAAATG1  T  IGAGCTC  AAGGAGATGCCACCT  TGTCGGGGAA  TGCCA  TGTGAA  TAGG  TO  TC  TGTc  T TGGAGGGAC  A 
2290  2300  2310  2320  2330  2340  2350  2360  2370  2380  2390  2400 


ETSAEFSEVGESTTMRENKCfEOCGGWGCGCFNVNPSCLF 
ATGAAACTTCAGCAGAGTTTTCATTTGTTGGGGAAAGCACGACCATGCGAGAGAAT AAGIGIT T T  gagcaat  g  t  ggagga t  gggggt  gtggg i g  t  t  t  caat  g  t  gaaccca  t  c  t  t  gc  t tat 
2<:0  2420  2430  2440  2*50  2*60  2*70  2480  2490  2500  2510  2520 


VHTYLOSVRKEALRVFNCIDWVHKL7LE  1  I  D  F  DGSVST  ID 
TTGTGCACAC “TATCTGCAG TCAGT t AGAAAAGAGGCCC  T  TAG  AG I T T  T I A Ac  TGTAT CGACTGGG I GCA  r  AAACTCACTCT  AGA&A T CACAGACT T  T GA T GGC TC TG T  T T C AAC AAT AG 
253C  2540  2550  2560  25/0  2580  2590  2600  2610  2620  2t  30  2640 


LGACSSRF  TNWGSVSl  SLDAEGISGSNSFSF  1ESPGKGYA 
ACTTGGGAGCATCATCTAGCCGTT»CACAAACTGGGGT T C AGT I AGCC  TC  T C ACT GGACGCAGAGGGCAT I TCAGGCTCAAA T AGC T T  T TC TT TC AT T GAGAGCCCAGSC AAAGGG T A ,G 
265C  2660  2670  2680  2690  2700  2.710  2720  2  730  2740  2750  2  760 


ivdepfseiprqgflgeircnsessvlsahesclrapnli 

CAAT  TGT  TGATGAGCCAT  TCTCAGAAAT  TCCTCGGCAAGGGTTCTTGGGGGAGATCAGGTGCAAT ICAGAoTCCTCAGTCC TGAGTgC  TCA TGAA TCA TGCC T  T AGGCCACCAAACCT  TA 
2770  2780  2790  2800  2810  2820  2830  2840  2850  2860  2870  2680 


SYHPUI  DOLECT  TNL  I  DPF  VVFE  RGSL  PO  TRNDK.  1  F  A  A  S  K 
TC7CAT  ACOAGCCCATGAT  AGA  TCAAT  T6GAGTGCAC  AACAAATC  TGAT  T GATCCC  T  1  TG  T  TGTC I  T  TGAGAGGGGT  TC  TC  TGCCACAGAC  AAGGAA  t  GACAAAACC  T  T  T  GCAGC  T  t  CAA 
2690  2 900  2910  2920  2930  2940  29S0  2960  29  70  2980  2990  3000 


GNRGVOAFSKGSVQADl  T  L  FI  F  DNFEVDF  VGAAV5CDAAF  L 
AAGGAAATAGAGGTGT  T  CAAGC  T  T  TC  TC  T  AAGGGC  T  C  TG  T  AC A AGO  TGATC  T  AAC  TCTGATGT  TT  GACAA  T  T  T  T  GAGGT  GGAC  T  T T G TGGGAGCAGCCG T ATC I TGT GO IGCCGCC T  TC  T 
3010  3020  3030  3040  3050  3Gt,0  3070  3080  3C90  3100  3110  3120 


nltgcyscnagarvclsitstgtgslsahnkdgslhivlp 

T  AAAT  T  T  &ACAGGT  T  GC  T  A  T  TCT T  GCAATGCAGGGGCCAGGG  TCT  GCC TGT  C I ATCACA  T  CCACAGGAACTGGAT  CTCTCTCT  GCCCACAAT  AOGGA7GGGT  CTCTGCATATAGTCCTTC 
3130  3140  3150  3160  3170  3180  3190  3200  3210  3220  3230  3240 


catcagag^atggaacaaoagaccagtgtcaga 
3250  3260  3270 


IIHFIVPEVEEEFMYSCDGDEPPLLVKGT 
T  AC  T  ACAC  T  T CAC  TGT GCC TGAAG  T AGAGGAGGAGT  T TA  TG  TAC  TC  T  TG  T GA  T GGAGA  T GAGCGGCC TC  TG  T  TGGTUAAGGGGACCC 
3280  3290  3300  3310  3320  33  30  3340  3350  33cO 


L 


1  A  1  DPF  DDRRE  AGGESTVVNPKSGSWhF  f  DWF  SGL  MSHFG 
TGATA&CCATTGATCCATTTGATGATAGGCGGGAAGCAGGGGGGGAATCAACAGT  TGTGAATCCAAAATCTGGOTCTTGGAAT r  TCT  T TGACTGGT  T  TTC1GG0CTCATGAGT  TGGT  r  TG 
3370  33BO  339Q  3400  3410  3420  3430  3440  3450  3*60  3470  3480 


GPLKT  ILL  ICLYVALS1GLFFIL  IYLGG.  TGLS*MWLAATK 
GAGGGCCTCTTAAAACTATACTCCTCATTTGCCTGTATGTTCCAT  TATCAOT  TGGGCTCTT T TTCCTCCT  TATA T ATC T  TGGAGGAACAGGCC TC TC T AAAATG TGGC  T  T  GC  TCCCAC  T  F. 

3*90  3500  3510  3520  3530  3540  3550  3560  3570  3580  3590  3600 


K  A  S  * 

AGAAGGCCTCATAGATCAGTGCGTGTAAAAGCAATATGT  TGAAG TAAG  TAGACATAAGCTAACCTAAT  TATGTAAGTATTGTACOGAT  AGGTCAAAT  TATTGGAATOTCCAAGCT  tagaa 
36 1 Q  3620  3630  3640  3650  3660  3670  3680  3690  3700  3?10  3??0 


AC  7TATCCAATAATACT  T  TAGATGT  AAQCTTAGTTGT  AATYTGGGr.TGGTGGGGTGAQGCAGCA&CAGTCTCAAGTGCT  TGTGAAi  at  T  CT  r-GT  TGGCGT  AM  CGT  C  T  T  T  T  GCC  AGAT  T  A 
3730  3740  3750  3760  3770  3700  3790  3800  3810  3e?j  3830  38*0 


GCTGGGAATTAAACTAOCTCTTTGAAGT  TGCACCGGTCT  T  TGTGT 

3850  3860  3870  3880 
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glycoproteins  are  conserved  between  them.  As  shown  for  PT  and  the  RVFV 
ZZ501  glycoproteins  there  are  multiple  hydrophobic  sequences  in  the  M12  M  gene 
product,  including  a  22-28  amino  acid  carboxy-proximal,  hydrophobic  region 
<Gl).  This  hydrophobic  sequence  is  followed  by  a  11-amino  acid-terminal 
sequence  that  contains  3  charged  (basic)  amino  acids.  The  size  and  constitution  of 
the  carboxy-terminal  region  is  consistent  with  a  transmembranal  and  anchor 
function  for  this  glycoprotein  in  the  viral  envelope.  Other  regions  of  the 
glycoprotein  precursor  contain  sequences  of  amino  acids  with  a  predominantly 
hydrophobic  character.  Their  functions  are  unknown. 

Comparison  has  been  made  between  the  reported  sequence  of  ZZ501  M  RN  A 
[and  its  gene  product  as  amended  by  recent  data  from  USAMR1ID]  and  that  of  the 
M12  mutant  of  ZZ548,  recognising  that  ZZ501  is  not  the  parent  of  the  mutant. 
Between  the  two  sequences  there  are  XX  nucleotide  differences  and  YY  amino 
acid  changes.  Considering  the  fact  that  the  M12  virus  was  derived  by  consecutive 
high  level  mutagenesis  of  another  RVFV  strain,  these  differences  are  small. 
Comparison  with  the  sequence  of  the  parent  ZZ548  is  under  analysis  at  the 
present  time. 


Expression  of  the  PT  N  and  NS  proteins  using  baculovirus  expression  vectors 

An  essentially  complete  DNA  copy  of  the  ambisense  S  RNA  species  of  PT 
phlebovirus  [Ihara  et  al,  1984a]  has  been  inserted  in  either  orientation  into 
Au  tog  rap  ha  californica  nuclear  polyhedrosis  baculovirus  (AcNPV)  in  lieu  of  the  5' 
coding  region  of  the  AcNPV  polyhedrin  gene  [Overton  et  al.,  1987).  The 
recombinant  viruses  were  generated  using  what  proved  to  be  proficient,  but  non- 
optimal  expression  vectors  [e.g.,  pAcRPG,  see  below).  The  two  types  of 
recombinant  viruses  were  used  to  infect  Spodoptera  frugiperda  cells  and  the 
expressed  PI’  viral  proteins  characterised  (Overton  et  al.,  1987).  Recombinant 
AcNPV  having  the  S  DNA  in  one  orientation  expressed  PT  virus  N  protein  in 
amounts  estimated  to  represent  some  50%-  of  the  infected  cell  extracts,  whereas 
recombinants  with  the  PI’  S  I1NA  in  the  other  orientation  expressed  the  PT  virus 
NSs  protein  in  significantly  lower  quantities.  Antisera  that  were  monospecfic 
with  respect  to  each  of  the  two  PT  proteins  virus  were  raised  in  mice  using  the 
corresponding  S.  frugiperda  infected  cell  extracts  and  were  employed  to  identify 
N  and  NSs  proteins  in  PI’  virus-infected  Vero  cells.  These  studies  demonstrated  a 
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low  amount  of  PT  NSs  protein  in  virions  and  virion-derived  nucleocapsids 
(Overton  et  a!.,  1987). 


The  results  reported  previously  by  this  laboratory  have  now  been  extended 
by  insertion  of  each  individual  gene  in  a  more  efficient  expression  vector  derived 
in  our  laboratory  [pAcYMl,  Matsuura  et  a!.,  1987J.  The  level  of  expression  of  the 
PT  N  protein  was  similar  to  that  obtained  with  the  pAcRPG  vector,  however  the 
level  of  expression  of  the  NSs  protein  was  considerably  enhanced,  approaching 
that  of  the  N  protein.  When  these  analyses  are  complete  they  will  be  prepared  for 
publication. 


Expression  oj  PT  virus  glycoproteins  from  partial  cDNA  clones  inserted  into  a 
vaccinia  vector 

Partial  cDNA  clones  of  the  PT  M  RNA  were  inserted  into  the  genome  of 
vaccinia  virus  so  that  the  PT  gene  products  were  under  the  control  of  an  early 
vaccinia  promoter.  The  PI'  sequences  included  in  the  constructs  represented  the 
entire  Gl  and  G2  coding  sequences  preceeded  by  some  24-37  upstream  amino 
acids  [depending  on  the  constructions].  Recombinant  vaccinia  viruses  were 
prepared  using  vaccinia  plasmid  pSCl  1  and  transfection  of  CV-1  cells  previously 
infected  with  strain  1HD-J  of  vaccinia  virus.  Recombinant  viruses  were  selected 
by  the  appropriate  procedures  [Smith  and  Moss,  1983],  In  CV-1  cells  the 
recombinants  expressed  glycosylated  derivatives  of  both  FI'  Gl  and  G2  proteins. 
In  Hela  T4  *  cells  the  glycoproteins  were  identified  in  the  Golgi  apparatus.  These 
studies  were  undertaken  in  conjunction  with  Ms  Y.  Matsuoka  and  Professor  R.W. 
Compans  of  the  University  of  Alabama  in  Birmingham  [Matsuoka,  Ihara,  Bishop 
&  Compans,  1988). 


C .  Sum rnary  of  Progress  Report 

The  sequence  of  the  M  RNA  of  the  Ml2  derivative  of  ZZ548  has  been 
determined  and  compared  to  that  of  ZZ501.  The  data  indicate  that  the  RNA  and 
its  gene  product  are  comparable  for  both  viruses.  Comparison  with  the  sequence 
of  the  parent  ZZ548  virus  is  in  hand. 


Expression  of  the  PT  N  and  NS^  proteins  has  been  achieved  using 

baculovirus  expression  vectors  based  on  AcNPV.  High  level  expression  of  both 

proteins  has  now  been  achieved.  Expression  of  the  PT  M  gene  products,  Gl  and 

G2,  in  vaccinia  vectors  has  also  been  achieved 
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